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SMS over FACCH – Results of Listening Tests
1. Introduction

SA4 was asked by GERAN2 [1] to assess the viability, from a speech quality point of view, of a proposal made in GERAN to transmit SMS over FACCH while a user is in a voice call. The transmission of SMS on FACCH in one direction steals speech frames, sometimes contiguously, in both uplink and downlink directions [2]. An evaluation in [3] identified some impact to speech quality that was not quantified. No conclusion was reached at SA4#64 and the issue was left open. It should also be noted that the transmission of SMS on SACCH (that has been in use for nearly 20 years) leaves every single speech frame intact i.e. it does not impact speech quality at all.
This contribution aims at progressing the evaluation of SMS on FACCH in order to reach a timely conclusion of this issue at this meeting, so that a conclusive response could be sent back to the GERAN2#51 meeting at the end of August. 
The results of listening tests are hereby presented to quantify and qualify the impact on speech caused by SMS transmissions on FACCH.
2. SImulations and Listening TESTs FrameworK
The overall simulation framework that was used to derive the speech samples is described in [4].

The listening tests were organized as follows:

· Speech samples:

· Compliant with ITU-T P.800 recommendation. Female and Male voices.
· Language: English

· 2 short sentences per each sample
· Sample duration: 8 seconds
· SMS Transmissions: None (1% FER), 1SMS (~1% FER),  2SMS (~1% FER), 3SMS (~1% FER), 123SMS (~1% FER) as described in [4]
· Codecs: GSM HR, GSM EFR, AMR 7.95 (HR), AMR 12.2

· Number of samples: 40

· Participants:
· 8 naïve listeners, eligible as per the criteria defined in ITU-T P.800 recommendation

· Nationalities: mixed. Fluent or native level of English

· Listening conditions throughout the experiment were constant and free of background noise and other disturbance that could otherwise impair the evaluation
· Evaluated criteria:

· Quality Impairment (MOS)

· Listening Effort (MOSLE)

3. Listening Tests RESULTS
The figures below illustrate the average MOS and MOSLE results of the listening tests along with the average degradation observed as a result of SMS transmissions (SMS transmissions do not yield any improvement). The degradation for a given SMS transmission scheme with a given codec is shown with reference to the no-SMS transmission scheme with the same codec. 
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Figure 1. MOS Results
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Figure 2. Average MOS Degradation caused by SMS transmissions

The figures above show that SMS transmissions on FACCH do indeed harm speech quality to such an extent that a direct, often severe, measurable impact to the subjective perception of listeners can be quantified. The maximum average degradation reaches up to ~2 MOS levels, while some listeners experienced a significant degradation of up to 3 or even up to 4 MOS levels (from 5 without SMS transmissions down to 1 with SMS transmissions).
As expected, and as shown above, the highest impact can be seen when HR is used (GSM HR, AMR 7.95) as every FACCH block steals a pair of speech frames.
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Figure 3. MOSLE Results
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Figure 4. MOSLE Degradation caused by SMS transmissions

The figures above show that SMS transmissions on FACCH require a higher listening effort than when no SMS are sent. As for the MOS results, the MOSLE results for HR samples are the most severely affected by SMS transmissions. Furthermore it is also anticipated that in situations with background noise such as e.g. street noise, the understanding of speech could be affected while SMS transmissions take place.
The following annoyances were also highlighted by the listeners, only when SMS transmissions took place:
· Fading (varying levels thereof)
· Speech distortion (varying levels thereof) such as warbling and muffling
· Robotic/metallic voice (varying levels thereof).
4. Conclusions
The aim of this contribution is to assess whether any degradation is caused by the transmission of SMS on FACCH, and if so, to quantify and qualify such degradation. To this end, listening tests were conducted by naïve listeners in order to evaluate both the quality impairment and the listening effort. 
The results demonstrate that transmitting SMS on FACCH does indeed yield degradation of both MOS and MOSLE criteria, sometimes severely. As shown, the transmission of SMS on FACCH is harmful both to the quality and to the understanding of speech.
Based on these results, the sourcing company would recommend SA4 to conclude that from the perspective of speech quality, the transmission of SMS on FACCH while the user is in a voice call is not a viable proposal, hence should not be pursued. This conclusion is especially important considering that SMS are transmitted today on SACCH with no single impact to speech quality. The transmission of SMS on FACCH is not justified. 

SA4 should timely respond to GERAN2 on the matter, so work can proceed at GERAN2#51 meeting on the primary issue of SACCH security.
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